Vitamin A overdose is a common occurrence due to food fortification and ingestion of vitamin A supplements. Vitamin A is a nutrient that possesses known and potential effects on general health and the immune response. This research work is an in vivo investigation of the effects of administration of vitamin A above dietary requirements on some organs involved in immunity, vitamin A storage, and metabolism in healthy male rats. A total of 60 young adult male Wistar rats were equally divided into three groups. Rats in the two test groups were orally administered with vitamin A at different concentrations (8000 and 15 000 IU kg -1 body weight) for 21 days, while the control rats did not receive any supplementation. Weekly body weights and weights of the liver, kidney, spleen, and thymus were measured. Histological evaluations were carried out on the liver, kidney, thymus, and Peyer's patches. Findings show that vitamin A did not significantly affect body and organs' weights, except for a significant decrease of spleen weights for both experimental groups. Vitamin A was found to lead to some changes in the histology of the tested organs. This is the first study of its kind and sets a base for future studies.
Vitamin A deficiency is one of the most common nutritional deficiencies in many countries (Wedner & RoSS, 2008) . Many people take vitamin A supplements in doses surpassing the required or recommended amounts in the hope that, according to the findings of many research studies (CunninghAm-RundLeS et al., 2005; ViLLAmor & FAwzi, 2005; PenniSton & TAnumihArdjo, 2006) , they lead to better health, to enhance the immune response, and decrease the number of infections and the incidence of certain diseases. Additionally, overdosing of vitamin A may occur inadvertently when taking supplements, in light of the many vitamin A fortified foods in many countries. The consequences of taking high doses of vitamin A on the immune system and general health in adults are not fully understood and studies are limited.
Vitamin A, a fat-soluble vitamin, is absorbed in the intestine and stored mainly in the liver, kidney, and adipose tissues. The ease of its accumulation in the body and the difficulty of disposing excess amounts, leads to a high likelihood of hypervitaminosis (vitamin toxicity). The symptoms of both acute and chronic hypervitaminosis A, with symptoms for chronic being more severe, may be nausea, jaundice, irritability, anorexia, vomiting, blurry vision, headaches, hair loss, muscle and abdominal pain, weakness, drowsiness, an altered mental state (RAmAnAthAn et al., 2009) , and increased susceptibility to infections, which is due to a weakened immune system (ChAndrA, 1993) .
A weakened immune system may be caused by effects on the organs of the immune system. Lymphoid tissue and its cellular components are known to be responsible for body defence mechanisms that are markedly sensitive to chemical or bacterial toxins (MiurA et al., 1998) . The organs that are involved in acquired immunity and where lymphocytes are produced and mature are the primary lymphoid organs (e.g., thymus), while the secondary lymphoid organs (e. g., spleen and Peyer's patches) are where lymphocytes acquire specificity for antigen. Thus, any effecter that leads to the inhibition of the immune system may affect any of these organs. Also the liver, kidney, and adipose tissues are the organs where vitamin A is stored (PenniSton & TAnumihArdjo, 2006) . Therefore, vitamin A toxicities may affect the liver and kidney and may increase with increasing body weight, since more vitamin can be stored.
The main aim of this study is to investigate the effects of very large doses of vitamin A on rat organs involved in immunity (spleen, thymus, and Peyer's patches) and vitamin A storage (liver and kidney). Also changes in body weight and weights of the thymus, spleen, liver, and kidney were assessed.
An extensive search in the literature was carried out to find histological studies on tissues of rats that have been administered with high doses of vitamin A, but none were found. Therefore, this work is the first to study the histological effects of very high doses of vitamin A and this is an area where more research is needed.
Materials and methods

Animals
Sixty young adult male Wistar rats aged 9 weeks, with an initial body weight range of 170-250 g, were used. Rats were supplied by and housed at King Fahd Medical Research Center, Jeddah, Saudi Arabia. The rats were housed at room temperature (25 °C), with a fixed 12 h light-dark cycle, and had free access to food. Rats received a diet that contained 8.44% moisture, 6% ash, 20% proteins, 4% fats, 59.55% soluble carbohydrates, 3.50% fibres, 1% calcium, 0.60% phosphorus, 20 IU g -1 vitamin A, 2.20 IU g -1 vitamin D, and 70 IU kg -1 vitamin E (Grain Silos and Flour Mills Organization, Jeddah, Saudi Arabia). The rats were randomly divided into three equal groups. The two experimental groups received vitamin A daily by oral gavage for 21 days. Powdered vitamin A (retinol, 99% pure) (Lanospharma Laboratories Company, China) was dissolved in cold pressed virgin olive oil. Rats in the low dose group received vitamin A at 8000 IU kg -1 body weight, while the high dose group received 15 000 IU kg -1 body weight. The control rats received olive oil only in the same manner as for the experimental groups. Body weight of all rats was measured four times. The first weight was taken the day before beginning vitamin A administration and the subsequent weights were taken at the end of each week. At the end of the experimental period, rats were anesthetized by ether, and the liver, kidney, spleen, and thymus gland were excised and weighed.
Histological examination
Harvested liver, kidney, thymus gland, and Peyer's patches were fixed and stored in 10% formalin for one or two days. Subsequently, each organ was dehydrated by transferring it to successively higher percentages of alcohol solutions ending with 100% alcohol. After clearing the organ in xylene, it was impregnated in wax, and then sliced at 4 microns using a microtome. The slices were then placed in xylene, then passaged through decreasing concentrations of alcohol down to 70%, and finally stained by haematoxylin and eosin. Slides were examined and photographed using a digital camera, attached to an Olympus CX21 light microscope connected to a computer.
Results and discussion
Organs and body weights
The vitamin A doses used in this study did not significantly affect the body weights of rats (Table 1) . This result is not in agreement with the findings of previous studies on rats (JeyAkumAr et al., 2005) and lambs (RAooFi et al., 2010 ), where they found that feeding of high but non-toxic doses of vitamin A significantly reduces body weight.
The data (Table 1) show that there is no association between oral administration of vitamin A and liver, kidney, and thymus weights of the vitamin A fed rats when compared to the control rats. Limited previous studies in rats (Ben-Amotz et al., 2005; JeyAkumAr et al., 2005) are in agreement with these findings. As for the spleen, the data show ( Tables 1 and 2 ) that the mean spleen weights for the test groups are significantly lower than those of the control, which is contradictory to the findings of researchers (Ben-Amotz et al., 2005) who found no changes in spleen weights of supplemented rats. No difference was found in the mean weights between the low and high dose groups. 
Histological observations
Histology of the organs from the experimental groups was compared to their respective controls. Liver sections of experimental rats ( Fig. 1 ) had different morphology from those of untreated rats. The changes were present in both experimental groups, but they were more pronounced in the high dose group. Changes are shown in Fig. 1 in addition to focal apoptosis near the central veins and portal areas, peri-portal inflammatory cell infiltrate, and vacuolation of hepatocytes in the form of rounded vacuoles of various sizes in some hepatocytes. Cell necrosis was also observed but less evident compared to apoptosis. Sinusoidal dilatation and peri-portal inflammatory reaction were reported by CoLAkogLu and Kükner (2003) in rats with hypervitaminosis A. Sinusoidal dilatation was attributed by ShintAku and co-workers (1998) to be related to increased size and number of Ito cells, which contradicts the findings here of normal size and number of Ito cells. FuChS (1999) observed apoptosis of hepatocytes in rats with hypervitaminosis A.
ShintAku and co-workers (1998) reported that excessive intake of vitamin A leads to focal necrosis in the peripheral zone hepatocytes of the hepatic lobules, which is in agreement with the present data. CoLAkogLu and Kükner (2003) also described, similar to the current findings, vacuolated hepatocytes and lipid droplets accumulation in the livers of high retinoic acid-fed rats. However, the researchers also described accumulation of fat droplets in the peri-sinusoidal Ito cells, which were not observed in the current study results.
The thymus of supplemented rats (Figs 2-4) had different morphology from control rats. The treated group thymus showed, in addition to the changes in the figures, cells with active vesicular nuclei, which may be related either to active thymocytes or stromal reticular cells, and in the high dose group, dark small bodies (may be fragmented nuclei of apoptotic thymocytes) surrounded by large unstained areas were observed in the cortical regions of the thymi. c lobules. C. The medulla (black star) shows thymocytes aggregation (thin black arrow) (×100) Fig. 3 . Part of interlobular tissue of the thymus (insert) shows marked dilation and venous congestion (white arrow). Mononuclear cell infiltration (thin black arrows) is seen near the congested vein (black star) (×100) Fig. 4 . Magnified segment of thymic lobule medulla. Cortical thymocytes (black stars) at the periphery, the increase in thymocytes having rounded large vesicular nuclei (black thin arrows) and the infiltration with erythrocytes (white arrows) (×100) The administration of vitamin A resulted in changes (Fig. 5 ) in the kidney of the high dose group. The changes were focal and showed individual variations. Contradictory data were reported in the literature (Li et al., 2009 ) regarding the effect of vitamin A on kidney tissue. Vitamin A was reported (Li et al., 2009 ) to modulate ureteric bud branching and morphogenesis.
The Peyer's patch tissues of the high dose group (Fig. 6 ) compared to the control tissue show an increase in the size of the germinal centres in the lymphoid follicles. Spaces containing pyknotic small dark nuclei and cells with large vesicular nuclei (could be macrophages or active lymphocytes) were also observed. 
Conclusions
The chosen concentrations of vitamin A are very high doses since, as established by the National Research Council (NRC, United States), the approximate daily requirement of vitamin A for a rat is 0.37-4 IU, although there is no consensus on this level (MCDoweLL, 2000) . In addition, different organs may reach toxicity at different levels of vitamin A and this depends on adiposity of the rat since the vitamin is fat-soluble. The oral gavage route was used to administer vitamin A since it introduces the vitamin directly into the gastrointestinal tract of rats, which is closest to the natural route of food, and supplement ingestion and ensures the ingestion of the entire dose. This route may affect immunity in general, while the intraperitoneal route reaches the blood stream directly and may induce humoral immunity only. Most vitamin A toxicity studies (PenniSton & TAnumihArdjo, 2006) administer the vitamin by using intramuscular or venous injections, thus, their findings are not useful for studying the effect on the immune system or extrapolation to later studies in humans.
Nutrient overdose may have some effects on organ structure, function and size. Also, a reduction in weight is a symptom of vitamin A toxicity (acute and chronic). In this study no change in weight was observed for the experimental group. This, along with the lack of other symptoms of hypervitaminosis, may indicate that the used levels of vitamin A did not cause any toxicity. This reduction in the weight of the spleen may have an inhibitory effect on the immune system, which is much like the size reduction of the spleen that occurs with aging that also affects the immune response.
In view of the data, a suggestion may be made that daily administration of vitamin A results in hyperplasia of thymic cortex presented in the form of increased thymic lobule thickness. In addition, vitamin A was reported (BeLLovino et al., 2003) to play a crucial role in the mechanisms that govern proliferation and differentiation of many cell types throughout life. This may provide a reason for the findings of increasing thickness of the thymic lobular cortices and enlargement of the Peyer's patches follicles via a local effect exerted on lymphocyte proliferation.
In conclusion, the high doses vitamin A used here lead to minimal changes in either liver or kidney parenchyma resulting in an increase in the number of apoptotic cells in the liver and among tubular epithelium. Regarding lymphatic tissues, vitamin A seemed to act locally, enhancing lymphocyte proliferation or activation. Thus, it may be concluded that the used doses are not toxic for the length of the experimental period.
The differences in the results in this study and previous studies may be due to using different doses and forms of vitamin A, different lengths of experimental period, and also using different routes of administration or supplementation. It is recommended that further study is to be carried out using larger sample sizes and higher doses of vitamin A in healthy and infected or sick rats. These results set a base for more extensive research into the effects of vitamin A overdose with the hope of extrapolation to humans.
